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Background:  Diabetic retinopathy is a common microvascular complication of diabetes mellitus (DM) and the leading cause of 
blindness in adults. Homocysteine, a risk factor with toxic effects on vascular endothelial cells, and bilirubin, a protectant with 
antioxidant and anti-inflammatory properties on the vasculature, have been reported to be linked to vaso-occlusive disorders. 
Therefore, the author of the present study investigated the association between the levels of plasma homocysteine and serum to-
tal bilirubin and the incidence of diabetic retinopathy as a chronic microvascular complication in patients with type 2 diabetes 
mellitus (T2DM).
Methods:  A total of 102 patients with T2DM who visited our hospital from January 2009 to January 2010 were assessed. 
Results:  Of the 102 patients, the prevalence of diabetic retinopathy was 67 cases (65.7%) according to clinical ophthalmic exam-
ination. The duration of DM (P<0.001), age (P=0.003), fasting blood glucose (P=0.045) and urine albumin-creatinine ratio (P=
0.015) in univariate analysis and plasma homocysteine level (P=0.038), duration of DM (P=0.001), and total bilirubin level (P=
0.012) in multiple logistic regression analysis were statistically significantly associated with the incidence of diabetic retinopathy.
Conclusion:  The present study indicates that homocysteine and bilirubin may be useful biomarkers for increased risk of diabet-
ic retinopathy since retinopathy in patients with T2DM was linked to higher plasma homocysteine level and decreased serum 
total bilirubin level.
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INTRODUCTION
The incidence of diabetes mellitus (DM) and its complications 
are increasing rapidly due to an aging population and the West-
ernization of life styles [1]. Diabetic retinopathy is a common 
microvascular complication that develops in the early period 
of DM and induces visual impairment and even blindness in 
adults. Thus early diagnosis and appropriate treatments are 
important [2]. Diabetic retinopathy is caused primarily by mi-
crovascular injury and the duration of DM, hyperglycemia, 
hypertension, and hyperlipidemia have been shown to be risk 
factors for diabetic retinopathy [3]. Recent studies have report-
ed that homocysteine was linked to vaso-occlusive disorders 
in the eye and the level of plasma homocysteine may be a use-
ful biomarker or a novel risk factor for increased risk of dia-
betic retinopathy in patients with type 2 diabetes mellitus 
(T2DM) [4,5]. Few studies exist on the relationship between 
bilirubin and microvasculopathy, such as diabetic retinopathy. 
However, bilirubin may exhibit strong antioxidant and anti-
inflammatory properties on the vasculature [6,7]. Therefore, 
the authors of the present study suggest that bilirubin may 
have an endogenous protective effect on the retinal vascula-
ture in patients with T2DM.
  In the present study, the association among the level of plas-
ma homocysteine as a risk factor, serum total bilirubin as an 
endogenous protectant and the presence of diabetic retinopa-
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thy as a chronic common complication and peripheral micro-
vascular disorder in patients with T2DM was investigated.
METHODS
Study population
The present study was conducted on 102 patients with T2DM 
who were confirmed with insulin secretion test in the Depart-
ment of Internal Medicine and underwent fundoscopic exam-
inations for the assessment of retinopathy in the Department 
of Ophthalmology in Daegu Medical Center from January 2009 
to January 2010. Patients were excluded from the present study 
if they had a history of chronic alcohol drinking, hepatobiliary 
abnormalities, or any other acute disease. The patients with 
blood levels greater than three times the normal level of ami-
notransferase (AST) or alanine aminotransferase (ALT), or with 
problems in the evaluation of diabetic retinopathy due to oth-
er reasons were excluded. The present study was conducted 
under participant voluntary consent after explanation of the 
purpose, methods, and course.
Study design and assessments
A detailed questionnaire was completed for each of the 102 
participating patients. Information obtained included age, 
gender, smoking history, history of alcohol consumption or 
hepatobiliary disorders, duration of DM, and history of hyper-
tension or cardiovascular diseases. Additionally, height, waist 
circumference, blood pressure, fasting blood glucose (FBG), 
2-hour postprandial blood glucose (2PPBG), C-peptide, and 
insulin levels were obtained. Fasting venous blood was drawn 
on the day of examination via a venipuncture from the patient’s 
antecubital vein and baseline biochemical profiles including 
serum total bilirubin, AST, ALT, glycosylated hemoglobin 
(HbA1c), creatinine, C-reactive protein (CRP) and lipid pro-
files were analyzed using the ARCHITECT c8000 (Toshiba, 
Tokyo, Japan). The standard reference range of total bilirubin 
is 3.4 to 20.5 μmol/L. For plasma homocysteine measurement, 
blood samples were collected in tubes containing EDTA and 
plasma homocysteine concentrations were analyzed using a 
HITACHI 7600 (Hitachi, Tokyo, Japan). The standard reference 
range of plasma homocysteine is 5.0 to 15.0 µmol/L.
  All patients underwent full ophthalmologic examinations 
through dilated pupils including fundus with a binocular indi-
rect ophthalmoscope (Keeler Instruments Inc., Broomall, PA, 
USA) and slit lamp biomicroscope using 90-diopter lens (Carl 
Zeiss, Jena, Germany). Diabetic retinopathy was clinically clas-
sified by an ophthalmologist as cases without diabetic retinop-
athy; proliferative diabetic retinopathy (PDR) with neovascu-
larization, scars, vitreous hemorrhage, or retinal detachment; 
and non-proliferative diabetic retinopathy (NPDR) with in-
creased capillary permeability, capillary obstruction and dis-
tention, microaneurysm formation, cotton wool spots, or hard 
exudate. Non-proliferative retinopathy was divided into mild, 
moderate and severe NPDR. 
Data analysis
Statistical analysis was performed using SPSS version 15.0 (SPSS 
Inc., Chicago, IL, USA) and the baseline characteristics of par-
ticipants were presented as the mean±standard deviation and 
n (%). Data were compared using an independent-sample Stu-
dent’s t-test for continuous data, odds ratio (OR) and chi-square 
test for categorical variables, and the Mann-Whitney U test for 
nonparametric data with an irregular distribution. Multiple 
logistic regression analysis was performed to assess indepen-
dent associations between the presence of key risk factors of 
diabetic retinopathy including statistically significant factors 
in univariate analysis and suggested biomarkers such as plas-
ma homocysteine and total bilirubin levels. A P value less than 
0.05 was considered statistically significant. 
RESULTS
Baseline characteristics
The baseline clinical and laboratory characteristics of the pres-
ent study population are shown in Table 1. Among the partici-
pants, 54 were male and 48 were female, and the mean age was 
59 years. The average duration of DM was 9.3 years. The labo-
ratory data showed a mean HbA1c of 7.9%, FBG of 8.4 mmol/
L, 2PPBG of 13.2 mmol/L, homocysteine of 18.3 µmol/L, and 
total bilirubin of 11.7 µmol/L. 
Clinical characteristics in patients with T2DM according to 
the incidence of retinopathy 
Characteristics of the participants according to the incidence 
of retinopathy are shown in Tables 2 and 3. The number of pa-
tients with diabetic retinopathy was 67 (65.7%; 62 cases of 
NPDR and 5 cases of PDR) and the number of patients with-
out diabetic retinopathy was 35 (34.3%). As expected, the age 
of patients with diabetic retinopathy was significantly higher 
than that of patients without retinopathy (P<0.01) and pa-597
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min-creatinine ratio (ACR) was 4.3 in the retinopathy group 
and 0.7 in the group without retinopathy, with the diabetic 
retinopathy group showing significantly higher values (P<0.01). 
The level of plasma homocysteine in the group with retinopa-
thy was an average of 19.2 µmol/L and it was higher in com-
parison with the average of 16.3 mmol/L in the group without 
retinopathy; however, the difference was not statistically sig-
nificant (P>0.05) (Table 3). There were no significant differ-
ences between the two groups in gender, smoking, body mass 
index, blood pressure, waist to hip ratio, HbA1c, CRP, choles-
terol concentrations, or renal function (Tables 2 and 3). There 
were no significant differences between the two groups in cur-
rent medication except that the number of patients who took 
angiotensin II receptor blockers (ARBs) was higher in the group 
with retinopathy than in the group without retinopathy (49, 
73.1% vs. 18, 51.4%, P<0.05).
Independent risk factors for diabetic retinopathy
To examine the independent associations between the key risk 
factors and the presence of diabetic retinopathy, a multiple lo-
gistic regression analysis was performed with the significant 
variables in univariate analysis including age, DM duration, 
Table 1. Patient baseline clinical and laboratory characteristics 
Parameter
Patients without  
diabetic  
retinopathy (n=35)
Patients with  
diabetic  
retinopathy (n=67)
Age, yr 55±12 62±11
BMI, kg/m
2 25.2±3.9 24.0±3.7
Waist/Hip ratio 0.940±0.017 0.941±0.019
DM duration, yr 2 (0.0-15.0) 10 (0.0-30.0)
Smoking, n (%) 9 (25.7) 23 (34.3)
Hypertension Hx, n (%) 16 (45.7) 37 (55.2)
CVA Hx, n (%) 1 (2.9) 3 (4.5)
SBP, mm Hg 120 (100-160) 127 (110-190)
DBP, mm Hg 80 (60-90) 80 (50-120)
Hemoglobin, g/dL 13.5 (11.7-18.0) 13.1 (8.4-16.1)
HbA1c, % 7.1 (5.6-12.8) 7.4 (5.0-15.6)
FBG, mmol/L 7.5 (4.7-12.9) 7.9 (4.7-17.5)
2PPBG, mmol/L 11.5 (6.8-22.3) 12.6 (6.3-30.9)
C-peptide, mmol/L 1.0 (0.3-3.1) 0.8 (0.4-8.3)
Total cholesterol, mmol/L 4.8 (2.6-6.7) 4.6 (2.8-9.0)
Triglyceride, mmol/L 1.7 (0.6-6.1) 1.5 (0.5-7.1)
HDL-C, mmol/L 1.2 (0.9-2.6) 1.2 (0.5-2.4)
Non-HDL, mmol/L 3.5 (0.9-5.4) 3.4 (1.8-7.7)
AST, IU/L 25.1 (14.0-98.0) 22.0 (11.0-75.0)
ALT, IU/L 32.1 (10.0-84.0) 20.0 (8.0-75.0)
Homocysteine, µmol/L 13.7 (6.0-65.0) 17.1 (7.0-57.3)
Total bilirubin, µmol/L 13.7 (6.8-51.3) 10.3 (3.4-25.7)
CRP, mg/dL 0.1 (0.0-18.8) 0.1 (0.0-18.8)
Urine ACR, µg/mg 0.1 (0.0-5.9) 0.8 (0.0-73.4)
Values are presented as mean±standard deviation or median (min-
max).
BMI, body mass index; DM, diabetes mellitus; CVA, cerebrovascular 
accident; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
HbA1c, glycosylated hemoglobin; FBG, fasting blood glucose; 2PPBG, 
2-hour postprandial glucose; HDL-C, high density lipoprotein cho-
lesterol; AST, aminotransferase; ALT, alanine aminotransferase; CRP, 
C-reactive protein; ACR, albumin-creatinine ratio. 
Table 2. Clinical characteristics in type 2 diabetic patients ac-











Age, yr 55±12 62±11 0.003
a
Gender
Male 19 (54.3) 35 (52.2) 0.884
b
Female 16 (45.7) 32 (47.8)
DM duration, yr 3.4±4.3 10.5±7.5 0.000
c
BMI, kg/m
2 25.2±3.9 24.0±3.7 0.112
a
Waist/Hip ratio 0.940±0.017 0.941±0.019 0.851
a
Hypertension 16 (45.7) 37 (55.2) 0.361
b
Smoking 9 (25.7)  23 (34.3) 0.373
b
CVA 1 (2.9) 3 (4.5) 1.000
d
SBP, mm Hg 123.7±12.9 127.5±15.1 0.215
a
DBP, mm Hg 76.0±6.5 79.9±10.9 0.059
a
Values are presented as mean±standard deviation or number (%).
DM, diabetes mellitus; BMI, body mass index; CVA, cerebrovascular 





tients with diabetic retinopathy had a significantly longer du-
ration of DM, by 7.2 years on average (P<0.01) (Table 2). In 
addition, FBG of the retinopathy group was on average 8.7 
mmol/L, and was significantly higher than the average of 7.7 
mmol/L in the group without retinopathy (P<0.05). Total bili-
rubin was 10.1 µmol/L in the retinopathy group and 15.1 µmol/
L in the group without retinopathy and the retinopathy group 
had significantly lower bilirubin levels (P<0.01). Urine albu-598
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FBG, total bilirubin, and urine ACR, with homocysteine as the 
biomarker as used in previous studies [4,5]. The analysis showed 
that variables independently associated with diabetic retinop-
athy were a longer duration of DM with an OR of 1.2 (95% 
confidence interval [CI], 1.1 to 1.4), homocysteine with an OR 
of 1.1 (95% CI, 1.0 to 1.1), and total bilirubin with an OR of 0.9 
(95% CI, 0.7 to 1.0) (Table 4). 
DISCUSSION
Diabetic retinopathy is a common ophthalmic complication 
that occurs primarily in the microvasculature of the retina and 
has been estimated to account for 5% of all cases of global blind-
ness [8]. Diabetic retinopathy is also known to be common in 
patients with newly diagnosed T2DM [9].
  The change in the retina of patients with DM includes for-
mation of retinal capillary microaneurysms, increased vascu-
lar permeability, vascular occlusion, proliferation of new 
blood vessels, fibrosis of tissues in the surface of the retina and 
optic disk, and the contraction of fibrovascular proliferations 
and the vitreous [10]. Several hypotheses have been tested on 
the cause and pathogenesis of diabetic retinopathy. In non-
proliferative retinopathy, prolonged hyperglycemia may pro-
duce microaneurysms because of the selective decrease of cells 
in the vicinity of the retinal microvasculature and may also in-
duce thickening of the vascular fundus membrane, endothelial 
proliferation, microvascular dilatation due to decreased endo-
thelin-1 synthesis, increased vascular permeability, and vascu-
lar occlusion in microvascular endothelial cells. In addition, 
prolonged hyperglycemia may increase blood flow and viscos-
ity, resulting in an increase of shear stress against the vascular 
wall, as well as injury of the vascular wall, in severe cases, it is 
known to induce macular edema [11]. However, the main 
pathogenesis of proliferative retinopathy is known to be neo-
vascularization caused by several factors including insulin-like 
growth factor released from a retinal ischemic area [11]. 
  Recently, four biochemical pathways including enhanced 
glucose flux through the polyol pathway, increased intracellu-
lar formation of advanced glycation end-products, activation 
of protein kinase C isoforms, and stimulation of the hexos-
amine pathway have been suggested for eye disorders caused 
by hyperglycemia-induced vascular injury in diabetes. These 
pathogenic mechanisms also appear to be associated with su-
peroxide overproduction by the mitochondrial electron trans-
port chain [12].
  A longer duration of diabetes appears to be the main risk 
factor for diabetic retinopathy, and aging, hyperglycemia, hy-
perlipidemia, proteinuria, severe obesity, early onset of diabe-
tes, alcohol drinking, genetic factors, and various hormones 
including growth hormone have been reported as additional 
risk factors for diabetic retinopathy [13-16]. Similarly, the 
present study showed that a longer duration of DM and aging 
in the group with retinopathy were statistically significant risk 
Table 3. Laboratory characteristics in type 2 diabetic patients 












HbA1c, % 7.5±1.6 8.1±2.2 0.165
C-peptide, mmol/L 1.2±0.7 1.0±1.0 0.547
FBG, mmol/L 7.7±2.0 8.7±2.8 0.045
2PPBG, mmol/L 11.9±4.0 13.7±5.6 0.102
Total cholesterol, mmol/L 4.7±0.9 4.8±1.1 0.808
Triglyceride, mmol/L 2.0±1.2 1.9±1.3 0.831
HDL-C, mmol/L 1.3±0.4 1.3±0.4 0.748
Non-HDL, mmol/L 3.4±0.9 3.5±1.1 0.723
Creatinine, mg/dL 1.0±0.2 1.3±1.2 0.098
CRP, mg/dL 1.2±3.7 0.8±2.6 0.515
Homocysteine, µmol/L 16.3±11.7 19.2±8.4 0.165
Total bilirubin, µmol/L 15.1±8.0 10.1±4.1 0.000
Urine ACR ratio, µg/mg 0.7±1.4 4.3±11.6 0.015
HbA1c, glycosylated hemoglobin; FBG, fasting blood glucose; 2PPBG, 
2-hour postprandial glucose; HDL, high density lipoprotein choles-
terol; CRP, C-reactive protein; ACR, albumin-creatinine ratio. 
aMann-Whitney test.
Table 4. Adjusted odds ratio for associations between key risk 
factors and the incidence of diabetic retinopathy with logistic 
regression model
Adjusted OR 95% CI P value
Age, yr 1.0 1.0-1.1 0.074
DM duration, yr 1.2 1.1-1.4 0.001
FBG, mmol/L 1.3 1.0-1.6 0.067
Homocysteine, µmol/L 1.1 1.0-1.1 0.038
Total bilirubin, µmol/L 0.9 0.7-1.0 0.012
Urine ACR, µg/mg 1.0 0.8-1.3 0.683
OR, odds ratio; CI, confidence interval; DM, diabetes mellitus; FBG, 
fasting blood glucose; ACR, albumin-creatinine ratio.599
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factors for diabetic retinopathy in comparison to the group 
without retinopathy (Table 2). In addition, high FBG level and 
high urine ACR appear to be significant risk factors for diabet-
ic retinopathy, and total bilirubin level is inversely associated 
with the incidence of diabetic retinopathy (Table 3). Regarding 
medications, there were more patients taking ARBs in the group 
with retinopathy, which may be due to the medication being 
used as preventative treatment for a relatively high ACR. A 
longer duration of diabetes was statistically significantly asso-
ciated with diabetic retinopathy not only in univariate analysis 
but also in logistic regression analysis, and thus it was also 
confirmed to be an independent risk factor in the present study 
(Tables 2 and 4). 
  Based on the results from the present study, the author sug-
gest that plasma homocysteine and serum total bilirubin can 
be used as biomarkers of diabetic retinopathy. Homocysteine 
is an amino acid containing a sulfur group produced during 
the metabolism of methionine. Dietary methionine is con-
verted to S-adenosyl methionine, and then demethylated to S-
adenosyl homocysteine, which is hydrolyzed to homocysteine 
and adenosine [17]. The level of total plasma homocysteine 
varies widely depending on age, gender, genetics, geographic 
and environmental factors. In particular, homocysteine may 
be increased primarily in hereditary diseases and with defi-
ciencies of folic acid and vitamins B12 and B6, which are re-
quired for homocysteine metabolism [18,19]. Recent studies 
have shown that homocysteine is associated with an increased 
risk of chronic vascular complications of diabetes including 
coronary artery diseases, stroke, and peripheral arterial dis-
eases, and these mechanisms can be explained by direct toxic 
effects on vascular endothelial cells and an indirect effect on 
normal methylation in endothelial cells [17,20]. In particular, 
hyperhomocysteinemia causes toxic effects on vascular endo-
thelial cells directly or indirectly through the impairment of 
vascular endothelial cells, promotion of platelet activation, en-
hanced coagulability, generation of reactive oxygen species 
with cellular toxicity, decreased antioxidant actions, and vas-
cular smooth muscle cell proliferation [19,21-24]. Recent stud-
ies have reported that elevated homocysteine level may be as-
sociated with the onset of retinopathy as a chronic microvas-
cular complication of diabetes [3-5,25]; however, the results 
were not confirmed and the issue remains controversial [17, 
20,26]. In the present study, the levels of plasma homocysteine 
in the group with retinopathy were higher in comparison to 
those in the group without retinopathy in univariate analysis, 
although statistical significance was not shown (Table 3). Ho-
mocysteine level was added to the key factor list in univariate 
analysis for multiple logistic regression analysis since several 
previous studies have reported homocysteine level as a novel 
biomarker of diabetic retinopathy [3,4]. The homocysteine 
level was independently associated with diabetic retinopathy 
with an OR of 1.1 according to multiple logistic regression 
analysis (Table 4). Consequently, homocysteine level may be a 
useful biomarker for increased risk of diabetic retinopathy. 
  Bilirubin is the metabolic end-product of heme degradation 
and is considered a toxic substance with adverse effects such 
as jaundice [27]. However, recent reports have suggested that 
bilirubin may exert anti-atherosclerotic effects through anti-
oxidant actions [7], anti-inflammatory effects on the vascula-
ture [28,29], and cytoprotectant properties [30]. These proper-
ties are explained by the mechanism of bilirubin inhibition of 
inflammatory cytokine-induced endothelial cell expression of 
vascular cell adhesion molecules [28], inhibition of transmi-
gration of monocytes [31], prevention of the oxidation of low 
density lipoprotein [32], inhibition of inflammation and dys-
function of endothelial cells [29], inhibition of proliferation of 
vascular smooth muscles [33], as well as prevention of the for-
mation of thrombi [7,34]. Notably, oxidative stress has been 
implicated in the pathogenesis of microvascular and macro-
vascular complications of diabetes [35]. A direct pathological 
connection of serum bilirubin with microvascular disorders 
has not been fully established. However, higher serum levels of 
bilirubin are inversely associated with the incidence of not only 
macrovascular diseases, such as coronary arterial disease [36-
38], but also peripheral arterial disease through the anti-ath-
erogenic and antioxidant properties of bilirubin [7]. Recently 
published studies have suggested that elevated serum bilirubin 
may provide protection from coronary microvascular dysfunc-
tion and coronary flow reserve impairment by improving mi-
crovascular integrity [39,40]. In the present study, the correla-
tion between levels of serum total bilirubin and diabetic reti-
nopathy as a chronic microvascular complication was investi-
gated. The results showed an inverse association of bilirubin 
level with retinopathy not only in univariate but also multiple 
logistic regression analysis (Tables 3 and 4), which indicates 
that bilirubin may be an important biomarker of diabetic reti-
nopathy as an endogenous protectant from microvascular com-
plications due to antioxidant and anti-inflammatory properties. 
  There were several limitations in the present study. First, ex-
aminations of dietary deficiencies of folic acid and vitamins 600
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involved in homocysteine metabolism were not performed. 
Second, testing for anti-hepatitis C virus or performing an ul-
trasonogram on the hepatobiliary system which may determine 
the bilirubin level, was not conducted in the present study. 
Third, the study was cross-sectional in a small group, and thus 
additional long term prospective studies are needed in a larger 
population. 
  In summary, including homocysteine and bilirubin levels in 
predictions of diabetic retinopathy may be clinically useful 
since retinopathy in patients with T2DM was linked to higher 
plasma homocysteine level and decreased serum total biliru-
bin level in the present study. Additional studies are necessary 
to confirm these results and evaluate related mechanisms.
CONFLICTS OF INTEREST
No potential conflict of interest relevant to this article was re-
ported.
ACKNOWLEDGMENTS
The present research has been conducted by the Bisa Research 
Grant of Keimyung University in 2011.
REFERENCES
1. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence 
of diabetes: estimates for the year 2000 and projections for 2030. 
Diabetes Care 2004;27:1047-53.
2. Axer-Siegel R, Herscovici Z, Gabbay M, Mimouni K, Weinberg-
er D, Gabbay U. The relationship between diabetic retinopathy, 
glycemic control, risk factor indicators and patient education. 
Isr Med Assoc J 2006;8:523-6.
3. Nguyen TT, Alibrahim E, Islam FM, Klein R, Klein BE, Cotch 
MF, Shea S, Wong TY. Inflammatory, hemostatic, and other 
novel biomarkers for diabetic retinopathy: the multi-ethnic 
study of atherosclerosis. Diabetes Care 2009;32:1704-9.
4. Brazionis L, Rowley K Sr, Itsiopoulos C, Harper CA, O’Dea K. 
Homocysteine and diabetic retinopathy. Diabetes Care 2008; 
31:50-6.
5. Huang EJ, Kuo WW, Chen YJ, Chen TH, Chang MH, Lu MC, 
Tzang BS, Hsu HH, Huang CY, Lee SD. Homocysteine and 
other biochemical parameters in type 2 diabetes mellitus with 
different diabetic duration or diabetic retinopathy. Clin Chim 
Acta 2006;366:293-8.
6. Dekker D, Dorresteijn MJ, Pijnenburg M, Heemskerk S, Ras-
ing-Hoogveld A, Burger DM, Wagener FA, Smits P. The biliru-
bin-increasing drug atazanavir improves endothelial function 
in patients with type 2 diabetes mellitus. Arterioscler Thromb 
Vasc Biol 2011;31:458-63.
7. Stocker R, Yamamoto Y, McDonagh AF, Glazer AN, Ames BN. 
Bilirubin is an antioxidant of possible physiological importance. 
Science 1987;235:1043-6.
8. Chaturvedi N. The burden of diabetes and its complications: 
trends and implications for intervention. Diabetes Res Clin 
Pract 2007;76 Suppl 1:S3-12.
9. Kohner EM, Aldington SJ, Stratton IM, Manley SE, Holman 
RR, Matthews DR, Turner RC. United Kingdom Prospective 
Diabetes Study, 30: diabetic retinopathy at diagnosis of non-
insulin-dependent diabetes mellitus and associated risk factors. 
Arch Ophthalmol 1998;116:297-303.
10. Rema M, Pradeepa R. Diabetic retinopathy: an Indian perspec-
tive. Indian J Med Res 2007;125:297-310.
11. Kim TW. Pathogenesis of diabetic retinopathy. J Korean Dia-
betes Assoc 1997;21:115-21.
12. Brownlee M. Biochemistry and molecular cell biology of dia-
betic complications. Nature 2001;414:813-20.
13. Choi CY, Lee JY, Kim JM, Park KH, Rhee EJ. Quantitative 
analysis of aqueous flare in diabetic patients. J Korean Oph-
thalmol Soc 2008;49:1954-60.
14. Jin JH, Lee SJ, Lee HS, Kim SD. Prognostic factors of visual 
acuity in diabetes mellitus. J Korean Ophthalmol Soc 2006;47: 
755-62.
15. Kim HK, Oh TS, Lee SM, Lee JB. The initial fundus examina-
tion and severity of diabetic retinopathy at a primary eye clin-
ic. J Korean Ophthalmol Soc 2005;46:982-8.
16. Seo WT, Song SO, Kim SY, Choi YS, Jang HR, Lee SJ. The risk 
factors of diabetic retinopathy in NIDDM patients. J Korean 
Diabetes Assoc 1999;23:162-71.
17. Yucel I, Yucel G, Muftuoglu F. Plasma homocysteine levels in 
noninsulin-dependent diabetes mellitus with retinopathy and 
neovascular glaucoma. Int Ophthalmol 2004;25:201-5.
18. Welch GN, Loscalzo J. Homocysteine and atherothrombosis. 
N Engl J Med 1998;338:1042-50.
19. Selhub J, Jacques PF, Wilson PW, Rush D, Rosenberg IH. Vita-
min status and intake as primary determinants of homocyste-
inemia in an elderly population. JAMA 1993;270:2693-8.
20. de Luis DA, Fernandez N, Arranz ML, Aller R, Izaola O, 
Romero E. Total homocysteine levels relation with chronic 
complications of diabetes, body composition, and other car-601
Homocysteine and bilirubin may be good biomarkers for diabetic retinopathy
Diabetes Metab J 2011;35:595-601 http://e-dmj.org
diovascular risk factors in a population of patients with diabe-
tes mellitus type 2. J Diabetes Complications 2005;19:42-6.
21. Schreiner PJ, Wu KK, Malinow MR, Stinson VL, Szklo M, Ni-
eto FJ, Heiss G. Hyperhomocyst(e)inemia and hemostatic fac-
tors: the atherosclerosis risk in communities study. Ann Epi-
demiol 2002;12:228-36.
22. Heinecke JW, Rosen H, Suzuki LA, Chait A. The role of sulfur-
containing amino acids in superoxide production and modifi-
cation of low density lipoprotein by arterial smooth muscle 
cells. J Biol Chem 1987;262:10098-103.
23. Upchurch GR Jr, Welch GN, Fabian AJ, Freedman JE, Johnson 
JL, Keaney JF Jr, Loscalzo J. Homocyst(e)ine decreases bioavail-
able nitric oxide by a mechanism involving glutathione peroxi-
dase. J Biol Chem 1997;272:17012-7.
24. Tsai JC, Perrella MA, Yoshizumi M, Hsieh CM, Haber E, Schle-
gel R, Lee ME. Promotion of vascular smooth muscle cell 
growth by homocysteine: a link to atherosclerosis. Proc Natl 
Acad Sci U S A 1994;91:6369-73.
25. Goldstein M, Leibovitch I, Yeffimov I, Gavendo S, Sela BA, 
Loewenstein A. Hyperhomocysteinemia in patients with dia-
betes mellitus with and without diabetic retinopathy. Eye (Lond) 
2004;18:460-5.
26. Agardh CD, Agardh E, Andersson A, Hultberg B. Lack of as-
sociation between plasma homocysteine levels and microangi-
opathy in type 1 diabetes mellitus. Scand J Clin Lab Invest 1994; 
54:637-41.
27. Perlstein TS, Pande RL, Beckman JA, Creager MA. Serum to-
tal bilirubin level and prevalent lower-extremity peripheral ar-
terial disease: National Health and Nutrition Examination 
Survey (NHANES) 1999 to 2004. Arterioscler Thromb Vasc 
Biol 2008;28:166-72.
28. Pae HO, Oh GS, Lee BS, Rim JS, Kim YM, Chung HT. 3-Hy-
droxyanthranilic acid, one of L-tryptophan metabolites, inhib-
its monocyte chemoattractant protein-1 secretion and vascu-
lar cell adhesion molecule-1 expression via heme oxygenase-1 
induction in human umbilical vein endothelial cells. Athero-
sclerosis 2006;187:274-84.
29. Kawamura K, Ishikawa K, Wada Y, Kimura S, Matsumoto H, 
Kohro T, Itabe H, Kodama T, Maruyama Y. Bilirubin from heme 
oxygenase-1 attenuates vascular endothelial activation and 
dysfunction. Arterioscler Thromb Vasc Biol 2005;25:155-60.
30. Baranano DE, Rao M, Ferris CD, Snyder SH. Biliverdin reduc-
tase: a major physiologic cytoprotectant. Proc Natl Acad Sci U 
S A 2002;99:16093-8.
31. Ishikawa K, Navab M, Leitinger N, Fogelman AM, Lusis AJ. 
Induction of heme oxygenase-1 inhibits the monocyte trans-
migration induced by mildly oxidized LDL. J Clin Invest 1997; 
100:1209-16.
32. Neuzil J, Stocker R. Free and albumin-bound bilirubin are effi-
cient co-antioxidants for alpha-tocopherol, inhibiting plasma 
and low density lipoprotein lipid peroxidation. J Biol Chem 
1994;269:16712-9.
33. Ollinger R, Bilban M, Erat A, Froio A, McDaid J, Tyagi S, Csiz-
madia E, Graca-Souza AV, Liloia A, Soares MP, Otterbein LE, 
Usheva A, Yamashita K, Bach FH. Bilirubin: a natural inhibitor 
of vascular smooth muscle cell proliferation. Circulation 2005; 
112:1030-9.
34. Lindenblatt N, Bordel R, Schareck W, Menger MD, Vollmar B. 
Vascular heme oxygenase-1 induction suppresses microvascu-
lar thrombus formation in vivo. Arterioscler Thromb Vasc Biol 
2004;24:601-6.
35. Yeh SY, Doupis J, Rahangdale S, Horr S, Malhotra A, Veves A. 
Total serum bilirubin does not affect vascular reactivity in pa-
tients with diabetes. Vasc Med 2009;14:129-36.
36. Moon JS, Chang WJ, Lee CH, Lee JE, Chun KA, Yoon JS, Cho 
IH, Lee HW, Won KC. Relationship between serum bilirubin 
levels and coronary atherosclerosis in patients with type 2 dia-
betes. Korean Diabetes J 2008;32:338-45.
37. Schwertner HA, Jackson WG, Tolan G. Association of low se-
rum concentration of bilirubin with increased risk of coronary 
artery disease. Clin Chem 1994;40:18-23.
38. Hopkins PN, Wu LL, Hunt SC, James BC, Vincent GM, Wil-
liams RR. Higher serum bilirubin is associated with decreased 
risk for early familial coronary artery disease. Arterioscler 
Thromb Vasc Biol 1996;16:250-5.
39. Gullu H, Erdogan D, Tok D, Topcu S, Caliskan M, Ulus T, 
Muderrisoglu H. High serum bilirubin concentrations preserve 
coronary flow reserve and coronary microvascular functions. 
Arterioscler Thromb Vasc Biol 2005;25:2289-94.
40. Choi UJ, Yoon MH, Choi SY, Lim HS, Yang HM, Woo SI, 
Hwang JW, Kang SJ, Choi BJ, Hwang GS, Shin JH, Park JS, 
Park SJ, Lee YH, Lee YS, Tahk SJ. Correlation between the se-
rum bilirubin level and the coronary microvascular integrity 
in diabetic patients. Korean Circ J 2008;38:425-31.